Measurement of natural radioactivity levels of major and heavy metals concentration was carried out for water samples collected from primary schools in Jeddah city, Saudi Arabia. The estimations were done for two different age groups, children (students 7 -12 y) and adults (teachers and workers > 17 y) at the schools. The chemical analysis was performed by an Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) and a high-resolution HPGe detector was used for the natural radionuclides measurement. The obtained results for the heavy metals (Fe, Cu, and Zn) and major and heavy elements (Na, K, Ca and Mg) concentrations in all water samples did not exceed the limits of WHO, EPA and TSE-266 guidelines for drinking water. Only Pb exceeded the safe limit. Generally, heavy metals and major elements' concentrations in water samples were found decrease in sequence of Ca > Na > Mg > K > Zn > Pb > Cu > Fe. The radioactivity concentrations of 226 Ra, 232 Th and 40 K in all studied samples were below the permissible safe limit value. The total average annual effective doses of ( 226 Ra + 232 Th + 40 K) radionuclides were 0.259 mSv•y −1 for the children and 0.112 mSv•y −1 for adults, which are below the recommended annual dose level 1.0 mSv•y −1 as reported by WHO (2006). The present drinking waters are high quality waters and safe in terms of natural radioactivity and the results of the HQ values for the individual heavy metals showed that there was no health risk for humans due to consumption of these waters.
man consumption and its ability to transport pollutants (Degerlier & Karahan, 2010) . The natural radionuclides ( 226 Ra, 232 Th and 40 K) and heavy elements concentrations in drinking water are significant for human health. Radionuclides are present in the form of dust, particles, or molten minerals in drinking water.
The existence of radionuclides in drinking water causes human internal exposure, caused by the decay of radionuclides taken into the body through the ingestion pathway (Fatima et al., 2006) . The major sources of heavy metals contamination in drinking water were iron pipes used in distribution systems and the geological pollution of the region that water was originated from some of which elements have been widely implicated in human health (Öztürk & Yilmaz, 2000) .
Therefore, it is important to determine background radiation levels and amounts of metal accumulation in the environment to assess the hazards associated with their intake to prevent possible risks. Radioactivity, major and heavy element rates should not exceed the permissible limits for drinking water. For this reason, the metals and natural radioactivity concentration in water have been studied by many investigators in several countries (Ali et al., 2016; Radulescu et al., 2017; Ghaderpoori et al., 2018; Parhoudeh et al., 2019) . In Saudi Arabia, there are limited studies on drinking water (Al-Ghamdi, 2014; Al-Zahrani, 2016; Althoyaib & El-Taher, 2016; Alseroury et al., 2018) . According to our literature survey conducted by the researcher, there are no data found on the quality of schools' drinking water supplies in the city of Jeddah. So, this is the first study to assess the levels of background radiation, major, and heavy metals in drinking water of this area. The aim of the study is to measure the concentration of heavy metals (Fe, Cu, Pb and Zn), major elements (Na, K, Ca, Mg) and natural radioactivity of 226 Ra, 232 Th and 40 K in the schools' drinking water and to estimate the radiological risk resulting in the population using these waters. The estimations were done for two different age groups, children (7 -12 y) and adults (>17 y), these age groups represent the student (7 -12 y), teachers and workers (>17 y) at the schools. The data produced in this study will provide a reference point levels of natural radioactivity and chemical elements in the drinking water of the study area and help in setting the background information for future research on drinking water for radiological safety of humans.
Material and Methods

Study Area
Jeddah city is located on the Red Sea coast in the west of Saudi Arabia, 949 kilometres from the capital, Riyadh. It is situated between the latitude of (21˚32'32) N, and longitude (39˚11'52) E, within an area 5460 km 2 . It has a population of 3,456,259 inhabitants ( Figure 1 ).
Preparation of Samples
The water samples were collected from various primary schools in all parts of Jeddah city; stretching from its north to south and from east to west. The water desalination is the source of schools' water, which is used for drinking and washing. The water samples were taken directly from the drinking water cistern and were acidified with the solution HCl to prevent the absorption of radionuclides on the walls of the containers (IAEA, 1989) . In the laboratory, all samples were evaluated by using inductively coupled plasma optical emission spectrometry (ICP-OES) to determine the metals' (Na, K, Ca, Mg, Fe, Cu, Pb and Zn) concentrations. For the gamma measurement, Marinelli beakers were washed with distilled water. About 0.5 litres of each sample was put into a dry beaker which was sealed and stored for four weeks to ensure that the secular equilibrium had reached before the measurement was done.
Gamma-Ray Measurements
The gamma-ray spectra of the samples were measured using a hyper-pure germanium detector (HPGe) with 25% efficiency and 2 keV resolution at 1332 keV gamma line of 60 Co were employed for all the measurements. The system was calibrated for energy and efficiency (IAEA, 1989 The activity levels for the natural radionuclides in the measured samples were computed using the following relation (El-Taher, 2012):
where A is the activity of the radionuclide in Bq•L −1 , C a the counts per second, ε the detection absolute efficiency at a specific γ-ray energy and P r the emission probability of Gamma-decay, and V is the volume of the water sample in a litre. 
Results and Discussion
Major and Heavy Metal Concentrations in Water Samples
Hazard Quotient
The Risk of the heavy metals through ingestion may be characterized using the following equation (Zhuang et al., 2009) :
where RfD (milligrams per kilogram per day) is the reference dose, its values of all the measured heavy metals were taken from US-EPA (1993). ADD (milligrams per kilogram of body weight per day) is the average daily dose and it was determined by the following equation (Zhuang et al., 2009) :
where C metal is the concentration of heavy metals in water sample; W is the average daily consumption of water (2 litres for adults), as given by UNSCEAR (2000); m is the body weight of 70 kg for adults. If HQ > 1.00, there is a highly possible risk associated with that metal. Result of health risk assessments (HQ) of the various heavy metals considered in this study is presented in (Pb). All the HQ values were below the critical value of 1 as reported by the US-EPA. Even though the concentration of Pb in the drinking water samples was found above the limit set by (WHO, 2006; EPA, 2002) . This metal does not pose a risk to human health, where the HQ was calculated for Pb was 0.486, below the recommended limit. But there is the need for a continuous monitoring of contamination level of this metal in schools' drinking water since it can accumulate to toxic level. It will help to detect any change in it accumulation pattern that could become a hazard to human safety. Generally, HQs were less than 1, indicating that there is no significant potential health risk associated with the consumption of these waters. 
Activity Concentrations
The activity concentration of the three radionuclides 226 Ra, 232 Th and 40 K for the investigated drinking water were reported in K is the most abundant concentration in the water samples, it can be noted that, potassium-40 is an isotope of critical element; it is controlled by the human cells. So, the body content of 40 K is verified largely by its physiological characteristics rather than its intake (Jibiri et al., 2007) . It is obvious through the present work that all results are less than the limit given in the report WHO (2006) , as shown in Table 3 and Figure 4 . A comparison between the measured activity concentration values of 226 Ra, 232 Th and 40 K in the present work with the results for local and other countries was tabulated in Table 4 . We can indicate that the obtained average concentrations of 226 Ra (0.32 Bq•l −1 ), 232 Th (0.12 Bq•l −1 ) and 40 K (5.24 Bq•l −1 ) are comparable with the reported values of drinking water from various locations in the world, taking into account the data of the countries of different geographical locations differ regarding specific mineral.
Effective Dose
Effective doses due to ingestion of waters were determined using the following equation (UNSCEAR, 2000) :
where E d the effective dose (mSv•y −1 ), A c is the activity concentration (Bq•L −1 ), A i is the consumption rate of water (l/year). According to WHO (2006) , the dose was estimated by considering a consumption rate is 730 l/year for adults and 512
l/year for children. The dose conversion factors C f for adults and children were (2.8 × 10 −7 , 2.3 × 10 −7 , 6.2 × 10 −9 and 1.5 × 10 −6 , 2.5 × 10 −7 , 7.6 × 10 −9 Sv•Bq −1 ) for 226 Ra, 232 Th and 40 K respectively (WHO, 2006; ICRP-60, 1990 ). UNSCEAR (2000) . The total average annual effective doses of ( 226 Ra + 232 Th + 40 K) radionuclides were 0.259 mSv•y −1 for the children and 0.112 mSv•y −1 for adults, which are below the recommended annual dose level 1.0 mSv•y −1 as reported by WHO (2006) . It turned out that the overall dose consumed by children is higher than that received by adults and 226 Ra causes the major dose. In fact, 226 Ra is known as an extremely radiotoxic radionuclide; the ingestion radium is saved in growing bones, therefore children have a higher risk factor because of their intensive bone growth during these years, and action must be taken to restrict their ingestion (Fatima et al., 2006) . The inputs of average dose of 226 Ra, 232 Th and 40 K to the total annual effective dose due to the intake of the drinking water samples were for children (82/97%, 9.15% & 7.88%) and (51.06%, 27.74% & 21.21%), respectively for adults as illustrated in Figure 5 . The total effective dose from a year's consumption of water samples by the children and adults were estimated, respectively, to be 25.9.2 % and 11.2% of the WHO limit value 1 mSv•y −1 Consequently, it can be recommended that the present drinking water samples will not cause any radiological health detriment and be acceptable for human consumption.
